Nowadays, fast radio bursts (FRBs) are promising new probe for astronomy and cosmology. Due to their extragalactic and cosmological origin, FRBs could be used to study the intergalactic medium (IGM) and the cosmic expansion. It is expected that numerous FRBs with identified redshifts will be available in the future. DMIGM, the contribution from IGM to the observed dispersion measure (DM) of FRB, carries the key information about IGM and the cosmic expansion history. We can study the evolution of the universe by using FRBs with identified redshifts. In the present work, we are interested in the fraction of baryon mass in IGM, fIGM, which is useful to study the cosmic expansion and the problem of " missing baryons ". We propose to reconstruct the evolution of fIGM as a function of redshift z with FRBs via a completely model-independent method, namely Gaussian processes. Since there is no a large sample of FRBs with identified redshifts by now, we use the simulated FRBs instead. Through various simulations, we show that this methodology works well.
I. INTRODUCTION
Fast radio bursts (FRBs) have become a promising field in astronomy and cosmology [1-8] since its discovery [9] . The key measured quantity of FRB is the dispersion measure (DM). The large values of DMs of the observed FRBs in excess of the Galactic value suggest their cosmological origin [10] . As a very crude rule of thumb, the redshift of FRB z ∼ DM/(1000 pc cm −3 ) [2] . By now, the DMs of the observed FRBs are in the range 100 ∼ 2600 pc cm −3 approximately [11] , and hence one can infer their redshifts in the range 0.1 < ∼ z < ∼ 2.6 crudely. There are several possibilities to identify the redshifts of FRBs. For the repeating FRBs, the precise localizations are possible. In fact, the redshift of the first known repeating FRB (namely FRB 121102 [12] [13] [14] [15] ) has been identified as z = 0.19273 [15] . More and more repeating FRBs have been found, such as the other 9 repeating FRBs reported by CHIME/FRB Collaboration [16, 17] . On the other hand, the redshifts of FRBs can also be precisely determined if their afterglows or counterparts (e.g. gamma-ray bursts (GRBs) or gravitational wave events (GWs)) are observed. Besides, the precise localizations of host galaxies of FRBs are also possible even for the non-repeating FRBs. In fact, recently a non-repeating FRB 180924 has been localized to a massive galaxy at redshift z = 0.3214 [18] by using ASKAP. Another non-repeating FRB 190523 has been localized to a few-arcsecond region containing a single massive galaxy at redshift z = 0.66 [19] by using DSA-10. Actually, several projects designed to detect and localize FRBs with arcsecond accuracy in real time are under construction/proposition, for example, DSA-10 [20] and DSA-2000 [21] . It is expected that numerous FRBs with identified redshifts will be available in the future. Since they are at cosmological distances, it is justified and well-motivated to study cosmology by using FRBs.
According to the textbook [22] (see also e.g. [23] [24] [25] [26] [27] ), an electromagnetic signal of frequency ν propagates through an ionized medium (plasma) with a velocity less than the speed of light in vacuum c, and hence this signal with frequency ν ≫ ν p is delayed relative to a signal in vacuum, where ν p is the plasma frequency. In practice, it is convenient to measure the time delay between two frequencies ν 1 and ν 2 , which is given by [23] [24] [25] [26] [27] ∆t = e 2 2πm e c 
where n e, z is the number density of free electrons in the medium (given in units of cm −3 ) at redshift z, m e and e are the mass and charge of electron, respectively. Using Eq.
(1), one can get the column density of the free electrons DM ≡ n e, z /(1 + z) dl by measuring the time delay ∆t between two frequencies ν 1 and ν 2 . It is worth noting that the distance dl along the path in DM records the expansion history of the universe. Thus, the dispersion measure DM plays a key role in the FRB cosmology. The observed DM of FRB can be separated into three components [23, 24, [27] [28] [29] [30] [31] [32] DM obs = DM MW + DM IGM + DM HG ,
where DM MW , DM IGM , DM HG are the contributions from Milky Way, intergalactic medium (IGM), host galaxy (HG, actually including interstellar medium of HG and the near-source plasma) of FRB, respectively. In particular, DM MW can be well constrained with the pulsar data [33, 34] . For a welllocalized FRB, the corresponding DM MW can be known with reasonable certainty [35] [36] [37] . Thus, it is convenient to introduce the extragalactic DM of FRB as the observed quantity [24, 27, 30, 31] ,
by subtracting this " known " DM MW from DM obs and using Eq. (2). The main contribution to DM of FRB comes from IGM. As is shown in e.g. [23, 24, 27, 31, 32] , the mean of DM IGM is given by
where Ω b, 0 = 8πGρ b, 0 /(3H 2 0 ) is the present fractional density of baryons (the subscript " 0 " indicates the present value of the corresponding quantity), H 0 is the Hubble constant, m p is the mass of proton, E ≡ H/H 0 (in which H ≡ȧ/a is the Hubble parameter, a = (1 + z) −1 is the scale factor, a dot denotes the derivative with respect to cosmic time t), f IGM is the fraction of baryon mass in IGM, and
in which the hydrogen (H) mass fraction Y H = (3/4) y 1 , and the helium (He) mass fraction Y He = (1/4) y 2 , where y 1 ∼ 1 and y 2 ≃ 4 − 3y 1 ∼ 1 are the hydrogen and helium mass fractions normalized to the typical values 3/4 and 1/4, respectively. Their ionization fractions χ e, H (z) and χ e, He (z) are both functions of redshift z. The intergalactic hydrogen and helium are fully ionized at redshifts z < ∼ 6 and z < ∼ 3 [38, 39] , respectively. So, for FRBs at redshifts z ≤ 3, hydrogen and helium are both fully ionized, and hence χ e, H (z) = χ e, He (z) = 1. In this case, f e (z) ≃ 7/8, and then Eq. (4) becomes
where
Note that DM IGM will deviate from DM IGM if the plasma density fluctuations are taken into account [40] (see also e.g. [25, 41] ). On the other hand, the contribution from the host galaxy of FRB, namely DM HG , is poorly known. For a FRB at redshift z, its observed DM HG should be redshifted (see e.g. [24, [27] [28] [29] [30] [31] ), namely
where DM HG, loc is the local DM of FRB host galaxy. In the literature (e.g. [27, 30] ), the local DM of FRB host galaxy might be assumed to have no significant evolution with redshift, namely DM HG, loc is a constant independent of redshift z. Clearly, the fraction of baryons in IGM (namely f IGM ) and the local value of DM HG (namely DM HG, loc ) will play the key roles when we use the observed DM E to study cosmology. However, they are both poorly known in fact. It is of interest to get them from the observational data. On the other hand, the studies on f IGM are also important to the problem of " missing baryons " (see e.g. [5, 40, [42] [43] [44] ). Until very recently, censuses of the nearby universe fail to account for roughly half of the entire baryonic matter content that is estimated to exist on the basis of both cosmological theory and measurements of the hydrogen density in intergalactic gas 10 billion years ago [5, 40, [42] [43] [44] . In contrast to the other observables, every diffuse ionized baryon along a sightline contributes equally to DM [5, 40] . Thus, the constraints on the fraction of baryons in IGM (namely f IGM ) by using FRBs are unique and helpful to address this " missing baryons " problem.
In the literature (e.g. [24, 27, 28, 30] ), a constant f IGM (say, 0.83) is usually assumed. However, in principle f IGM should be a function of redshift z. It is of interest to consider the evolution of f IGM (z). In [31] , a linear parameterization for f IGM (z) with respect to the scale factor a was considered, namely f IGM (z) = f IGM, 0 (1 + α (1 − a)) = f IGM, 0 (1 + α z/(1 + z)). In [32] , f IGM (z) divided into five redshift bins was considered. We note that in the first case [31] a specific function form for f IGM (z) is assumed a prior and hence it is not so model-independent in fact, while in the second case [32] the binned f IGM (z) is not a continuous function of redshift z and hence it cannot reconstruct the smooth evolution of f IGM (z). In the present work, we try to propose a completely model-independent method to reconstruct f IGM (z). As is well known, by using Gaussian processes [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] , the goal function could be reconstructed directly from the input data without assuming a particular function form or parameterization. Derivatives of the function can also be reliably reconstructed. Obviously, this is indeed model-independent. Here, we try to reconstruct the evolution of f IGM (z) with FRBs via Gaussian processes.
The rest of this paper is organized as follows. In Sec. II, we describe the methodology to reconstruct the evolution of f IGM (z), and briefly introduce the key points of Gaussian processes. In Sec. III, we test this new method by reconstructing f IGM (z) with the simulated FRBs and the real Pantheon sample of type Ia supernovae (SNIa). In Sec. IV, some brief concluding remarks are given.
II. METHODOLOGY TO RECONSTRUCT THE EVOLUTION OF fIGM(z)

A. Formalism
At first, we try to find a formalism to reconstruct f IGM (z). Obviously, f IGM (z) enters into DM through DM IGM . Differentiating Eq. (6), we obtain
where a prime denotes the derivative with respect to redshift z. From Eqs. (3) and (8), we have
Differentiating Eq. (10), we find that
Substituting Eq. (9) into Eq. (11) and using Eq. (10), it is easy to see that
On the other hand, noting DM IGM | z=0 = 0 by definition, from Eq. (10), we have
Thus, once DM E (z), DM E ′ (z) and E(z) have been reconstructed, f IGM (z) and DM HG, loc are on hand. However, on the side of observational data, we only have the observed DM E rather than DM E . In this case, we instead reconstruct f IGM (z) by using
in which
We can reconstruct DM E and DM ′ E as functions of redshift z from the observed DM E data of FRBs by using Gaussian processes. Then, we obtain DM HG, loc from the reconstructed DM E (z) at z = 0. On the other hand, we can also reconstruct E(z) from the observational data of SNIa by using Gaussian processes. The luminosity distances of SNIa are given by [56] [57] [58] [59] [60] ), where z cmb and z hel are the CMB restframe redshift and the heliocentric redshift of SNIa, respectively. Note that we consider a flat Friedmann-Robertson-Walker (FRW) universe throughout. In this case, D(z) = z 0 dz/E(z), and hence E = 1/D ′ . Finally, using Eq. (14), we can reconstruct f IGM (z) from the observational data of FRBs and SNIa via Gaussian processes.
B. The key points of Gaussian processes
Gaussian processes [45] [46] [47] [48] can provide a kind of algorithms for machine learning. By using Gaussian processes, the goal function could be reconstructed directly from the input data without assuming a particular function form or parameterization. Derivatives of the function can also be reliably reconstructed. Following e.g. [45, 47, 48] , here we briefly introduce the key points of Gaussian processes. A Gaussian process is the generalization of a Gaussian distribution. While the latter is the distribution of a random variable, Gaussian process describes a distribution over functions. At each point z, the reconstructed function f (z) is described by Gaussian distribution. Function values at different points z andz are not independent from each other, but are related by a covariance function (or called the kernel function in the literature) k(z,z), which depends on the hyperparameters such as σ f and ℓ. The observational data can also be described by a Gaussian process, assuming the errors are Gaussian. For a given covariance function and hyperparameters, the reconstructed function is determined by the covariances between the observational data and the points {z i } at which the function f (z) will be reconstructed. Note that in Gaussian processes, the hyperparameters are determined (trained) by the observational data (this could be done by maximizing the marginal likelihood or marginalizing over the hyperparameters). In addition, the derivatives f ′ (z), f ′′ (z), f ′′′ (z) ... can also be reconstructed by performing Monte Carlo samplings from a multivariate Gaussian distribution. We refer to e.g. [45, 47, 48] for technical details.
In this work, we implement Gaussian processes by using the publicly available code GaPP (Gaussian Processes in Python) [47] . In Gaussian processes, there exist many options for the covariance function k(z,z). In practice, the choices of covariance function only make fairly small difference (see e.g. [48, 49] ). So, in this work we choose to use the simplest one (which is also the most popular choice in the literature), namely the squared exponential (or, Gaussian) covariance function (see e.g. [45, 47, 48] ) In order to get f IGM (z) by using Eq. (14), at first we should reconstruct the cosmic expansion history characterized by E(z). As is well known, SNIa are suitable indicators of the cosmic expansion history. So, it is natural to reconstruct E(z) from the observational data of SNIa by using Gaussian processes, as mentioned in the end of Sec. II A. Following [49] , we use the real Pantheon sample [61] [62] [63] [64] are given in terms of the corrected bolometric apparent magnitude m. The quantity D introduced in the end of Sec. II A is related to m according to (see e.g. [56] [57] [58] [59] [60] )
where M is a nuisance parameter representing some combination of the absolute magnitude M and H 0 . One can convert the observational m data given in the Pantheon plugin [63, 64] into the D obs data, while their covariance matrices are related by the propagation of uncertainty [65], C D = J C m J T , where J is the Jacobian matrix. We use the full covariance matrix including the systematic uncertainties. It is worth noting that the numerical data of Pantheon SNIa sample have been slightly updated [64] in the end of 2018, and hence there might be minor differences between the results from the old and the updated Pantheon datasets. Fitting the flat ΛCDM model to the updated Pantheon SNIa dataset, we obtain the best-fit M = 23.80854156 (see Appendix C of [56] for technical details), and then adopt it as a fiducial value. We can reconstruct D(z) and D ′ (z) from the observational D obs data via Gaussian processes, and hence E = 1/D ′ is ready. We present them in Fig. 1 . In particular, this reconstructed E(z) will be used in Eq. (14) to reconstruct f IGM (z).
B. Simulating FRBs
As mentioned above, we have only a few FRBs with identified redshifts by now. On the other hand, the lower-limit estimates for the number of FRB events are a few thousands each day [3, 66] . Even conservatively, the FRB event rate floor derived from the pre-commissioning of CHIME/FRB is 3 × 10 2 events per day [67] . Several projects designed to detect and localize FRBs with arcsecond accuracy in real time are under construction/proposition, for example DSA-10 [20] and DSA-2000 [21] . It is expected that numerous FRBs with identified redshifts will be available in the future. Thus, it is reasonable to instead consider the simulated FRBs with known redshifts in this work.
Let us briefly describe the steps to generate the simulated FRBs with known redshifts. At first, we should assign a random redshift z i to the i-th simulated FRB. To this end, the redshift distribution of FRBs should be assumed. In this work, we consider two types of redshift distributions for FRBs proposed in [68] . The first one (we call it " Pzconst " here) assumes that FRBs have a constant comoving number density, and the corresponding redshift distribution function reads [68] 
where χ(z) = d L (z)/(1+z) = c z 0 dz/H(z) is the comoving distance. Gaussian cutoff at z cut is introduced to represent an instrumental signal-to-noise threshold. The second one (we call it " PzSFH " here) assumes that FRBs follow the star-formation history (SFH) [69] , whose density is given by [68] 
with b 1 = 0.0170, b 2 = 0.13, b 3 = 3.3, b 4 = 5.3 and h = 0.7 [68, 70, 71] . The corresponding redshift distribution function reads [68] 
In this work, we generate the simulated FRBs by using the simplest flat ΛCDM model as the fiducial cosmology, whose dimensionless Hubble parameter is given by
where Ω m, 0 is the present fractional density of matter (including cold dark matter and baryons). We adopt the latest flat ΛCDM parameters from Planck 2018 CMB data [72] , namely H 0 = 67.36 km/s/Mpc, Ω m, 0 = 0.3153, and Ω b, 0 = 0.0493. On the other hand, we adopt z cut = 0.5 following [68] . In the left panel of Fig. 2 , we show these two distributions as functions of redshift z. They are reasonable according to the crude rule of thumb z ∼ DM/(1000 pc cm −3 ) < 1.5 [2] for most of the observed FRBs by now having DM obs < 1500 pc cm −3 [11] . For the i-th simulated FRB, we can randomly assign a redshift z i to it from the redshift distributions Pzconst or PzSFH, which will be specified below. The second step is to assign the corresponding DM IGM, i and its uncertainty σ IGM, i to this simulated FRB. To this end, we should preset several fiducial f IGM (z) functions, for example f IGM (z) = const. or f IGM (z) = f IGM, 0 (1 + α (1 − a)) = f IGM, 0 (1 + α z/(1 + z)), which will be specified below. Then, we can calculate the mean DM IGM by using Eq. (6). As mentioned above, DM IGM will deviate from DM IGM if the plasma density fluctuations are taken into account [40] (see also e.g. [25, 41] ). The uncertainty σ IGM was studied in e.g. [40] , where three models for halos' gas profile of the ionized baryons were used. Here, we consider the simplest one, namely the top hat model, and the corresponding σ IGM was given by the green dots in the bottom panel of Fig. 1 of [40] . It is easy to fit these 27 green dots by using a very simple power law function
In the right panel of Fig. 2 , we reproduce these 27 green dots from [40] and plot the power law σ IGM (z) given by Eq. (22) . Clearly, they coincide with each other fairly well. For the i-th simulated FRB, we can randomly assign DM IGM, i to it from a Gaussian distribution
while σ IGM, i = σ IGM (z i ). Obviously, we have DM IGM = 0 at z = 0 as expected by definition. The third step is to assign DM HG, i and its uncertainty σ HG, i to this simulated FRB. According to Eq. (8) and following e.g. [24, [27] [28] [29] [30] [31] , we have
where DM HG, loc, i can be randomly assigned from a Gaussian distribution with the mean DM HG, loc and a fluctuation σ HG, loc [24, [27] [28] [29] [30] [31] , namely DM HG, loc, i = N ( DM HG, loc , σ HG, loc ) , and σ HG, loc, i = σ HG, loc .
In order to preset the fiducial values of DM HG, loc and σ HG, loc , it is helpful to consult our galaxy, namely Milky Way. As is well known, DM MW < ∼ 100 pc cm −3 at high Galactic latitude |b| > 10 • , and its average dispersion is a few tens of pc cm −3 [33, 34] (see also e.g. [28, 29] ). Thus, it is reasonable to adopt the fiducial values DM HG, loc = 100 pc cm −3 and σ HG, loc = 20 pc cm −3 following e.g. [24, 27] .
Finally, the simulated DM E data and its uncertainty for the i-th simulated FRB are given by
In fact, one can repeat the above steps for N FRB times to generate N FRB simulated FRBs. The formatted data file for the simulated FRB sample contains N FRB rows of {z i , DM E, i , σ E, i }. As mentioned in the beginning of this subsection, it is expected that numerous FRBs with identified redshifts will be available in the future. Thus, N FRB can be large, for example O(10 3 ) or even more. Now, we test this methodology by reconstructing the evolution of f IGM (z) with some simulated FRB samples. We generate these simulated FRB samples following the instruction mentioned in Sec. III B, with the preset parameters, the specified f IGM (z) and redshift distributions. Then, we reconstruct f IGM (z) via Gaussian processes following the methodology given in Sec. II A, and also get DM HG, loc from Eq. (15) . Note that in Eq. (14) we use the reconstructed E(z) from the real Pantheon SNIa sample, as mentioned in Sec. III A. Finally, we check whether the reconstructed f IGM (z) and DM HG, loc can be consistent with the ones used to generate the corresponding simulated FRB sample.
At first, we consider the simulated FRB samples with the preset f IGM (z) = 0.83 (const.) and redshift distribution Pzconst, which consist of N FRB = 500, 1000, ..., 5000 simulated FRBs, respectively. Note that the fiducial value 0.83 is chosen following e.g. [24, 27, 28, 30] . We present the reconstructed f IGM (z) and DM HG, loc = DM E | z=0 in Fig. 3 . Obviously, the uncertainties of the reconstructed f IGM (z) are fairly large at high redshifts (especially at z > 1.2). This is mainly due to the sparsity of simulated FRBs (and SNIa) data points at high redshifts (actually there are only a few data points at z > 1.2 in the simulated samples, and FRBs at z > 1.5 are very rare (nb. the left panel of Fig. 2) ). Thus, we mainly focus on the reconstructed f IGM (z) at low redshift z < 1.2. On the other hand, it is easy to see that the uncertainties become smaller when the number of simulated FRBs N FRB increases. From Fig. 3 , we see that the reconstructed f IGM (z) and DM HG, loc can be well consistent with the ones used to generate these simulated FRB samples, namely f IGM (z) = 0.83 and DM HG, loc = 100 ± 20 pc cm −3 . We turn to the simulated FRB samples with the preset f IGM (z) = 0.83 (const.) and redshift distribution PzSFH. That is, the preset FRB redshift distribution has been changed. The reconstructed f IGM (z) and DM HG, loc = DM E | z=0 are given in Fig. 4 . It is easy to see that the difference between Figs. 4 and 3 is minor. For small N FRB , the means of reconstructed DM HG, loc for the cases of PzSFH are slightly smaller than the ones for the cases of Pzconst, but they can be consistent with each other within 1σ uncertainties. The FRB redshift distributions (PzSFH and Pzconst) do not remarkably affect the reconstructions. In the cases of PzSFH, the reconstructed f IGM (z) and DM HG, loc can also be well consistent with the ones used to generate these simulated FRB samples.
It is of interest to consider the cases of varying f IGM (z). The simplest varying f IGM (z) is given by a linear parameterization with respect to the scale factor a, namely f IGM (z) = f IGM, 0 (1 + α (1 − a)) = f IGM, 0 (1 + α z/(1 + z)) [31] . Actually this is reasonable, since a linear parameterization can be regarded as the Taylor series expansion up to the first order. Following [31] , here we preset the fiducial values f IGM, 0 = 0.83 and α = 0.25. We generate the simulated FRB samples with this preset varying f IGM (z) and redshift distribution Pzconst, and present the reconstructed f IGM (z) and DM HG, loc = DM E | z=0 in Fig. 5 . It is easy to see that the uncertainties of reconstructions become smaller when the number of simulated FRBs N FRB increases. Clearly, the reconstructed f IGM (z) can successfully reproduce the rising tendency of the preset f IGM (z) = 0.83 (1 + 0.25 z/(1 + z)) as redshift z increases. They are consistent with each other in fact. On the other hand, the reconstructed DM HG, loc can also be well consistent with the one used to generate these simulated FRB samples, namely DM HG, loc = 100 ± 20 pc cm −3 . Then, we turn to the cases of redshift distribution PzSFH, while the preset varying f IGM (z) = 0.83 (1 + 0.25 z/(1 + z)) is unchanged. We present the reconstructed f IGM (z) and DM HG, loc = DM E | z=0 in Fig. 6 . Once again, it is easy to see that the difference between Figs. 6 and 5 is minor. The FRB redshift distributions (PzSFH and Pzconst) do not remarkably affect the reconstructions. In the cases of PzSFH, the reconstructed f IGM (z) and DM HG, loc can also be well consistent with the ones used to generate the simulated FRB samples.
IV. CONCLUDING REMARKS
Nowadays, FRBs are promising new probe for astronomy and cosmology. Due to their extragalactic and cosmological origin, FRBs could be used to study IGM and the cosmic expansion. It is expected that numerous FRBs with identified redshifts will be available in the future. DM IGM , the contribution from IGM to the observed DM of FRB, carries the key information about IGM and the cosmic expansion history. We can study the evolution of the universe by using FRBs with identified redshifts. In this work, we are interested in the fraction of baryon mass in IGM, f IGM , which is useful to study the cosmic expansion and the problem of " missing baryons ". We propose to reconstruct the evolution of f IGM as a function of redshift z with FRBs via a completely model-independent method, namely Gaussian processes. Since there is no a large sample of FRBs with identified redshifts by now, we use the simulated FRBs instead. Through various simulations, we show that this methodology works well. Some remarks are in order. It is worth noting that in this work the real Pantheon sample consisting of 1048 SNIa is used to reconstruct E(z) = H(z)/H 0 , which is needed in Eq. (14) . Actually, one can instead use some simulated samples consisting of a large number (say, 5000 ∼ 8000) of SNIa with also much smaller uncertainties, which will be available in the future (especially in the era of WFIRST). In this case, it is natural to expect that the reconstructed f IGM (z) might be much better than the ones obtained here. On the other hand, one can also use the observational or simulated H(z) data, instead of SNIa, to reconstruct E(z) = H(z)/H 0 . Of course, it is easy to anticipate that these will not change the main conclusions of this work.
In the present work, to generate the simulated FRBs, we have considered two types of the preset f IGM (z), namely f IGM (z) = const. or a linear parameterization with respect to the scale factor a, i.e. f IGM (z) = f IGM, 0 (1 + α (1 − a)) = f IGM, 0 (1 + α z/(1 + z)). Obviously, one can also consider other types of the preset f IGM (z) instead, such as a linear parameterization with respect to the e-folding time ln a, namely f IGM (z) = f IGM, 0 (1 − α ln a) = f IGM, 0 (1 + α ln(1 + z)). Of course, f IGM (z) as the Taylor series expansion up to higher order (say, 2nd order) with respect to the scale factor a or the e-folding time ln a is also possible. Even the exotic types of the preset f IGM (z) can also be considered, for instance an oscillating f IGM (z). Note that these are just the preset f IGM (z) used to generate the simulated FRBs. Instead, the real f IGM (z) of the universe will be reconstructed or determined by using the real FRBs with identified redshifts in the future. In doing this, we need not assume any specific function form or parameterization for f IGM (z), because Gaussian processes are completely model-independent.
